Guidelines for designing usable interfaces recommend reducing short term memory load. Cognitive load, that is, working memory demands during problem solving, reasoning, or thinking, may affect users' general satisfaction and performance when completing complex tasks. Whereas in design guidelines numerous ways of reducing cognitive load in interactive systems are described, not many attempts have been made to measure cognitive load in Web applications, and few techniques exist. In this study participants' cognitive load was measured while they were engaged in searching for several products in four different online book stores. NASA-TLX and dual-task methodology were used to measure subjective and objective mental workload. The dual-task methodology involved searching for books as the primary task and a visual monitoring task as the secondary task. NASA-TLX scores differed significantly among the shops. Secondary task reaction times showed no significant differences between the four shops. Strong correlations between NASA-TLX, primary task completion time, and general satisfaction suggest that NASA-TLX can be used as a valuable additional measure of efficiency. Furthermore, strong correlations were found between browse/search preference and NASA-TLX as well as between search/browse preference and user satisfaction. Thus we suggest browse/search preference as a promising heuristic assessment method of cognitive load.
Introduction
Within the past few years, the Internet has grown and shifted from an information medium to a workspace where users manage tasks of growing complexity. Information search, participation in online communities, multimedia sharing, selling, and buying are only a few of a wide range of online activities that users may perform. Taking full advantage of these possibilities places high demands on users and designers in equal measure. The users navigate through the Web, search for and retrieve information, have to prioritize and constantly make selections and decisions. The common task of buying a product in an online store may serve as a good example for the complexity of online activities; given that users have the goal of buying a book, they will visit an online bookstore, then navigate and search for the desired object by using either the navigation or the search facility. They will roughly remember the name and the appearance of its cover and will match this expectation against a set of distracting unwanted books. Having perceived the target book, users will try to figure out how to put the item into the shopping cart and search for it. The checkout process finally involves another set of tasks such as reviewing items in the cart, retrieving the address from the long-term memory, and copying credit card information from the credit card, filling out forms and correcting errors reported by the shopping engine.
Performance and success in these tasks depend not only on the users' abilities, for example, knowledge and working memory capacity (e.g., [1] ), but also on the task itself and the way the respective websites and tools are organized, that is, the visual layout of the page, the usability of the user interface, and its interaction design. In other words, the ease of completing a task is a function of task complexity and capacity of the users' cognitive resources. Thus, Web designers are faced with the highly demanding task of adapting these functionalities to the needs and characteristics of a growing and heterogenous base of users.
Several Web design and usability guidelines have been elaborated (e.g., [2] [3] [4] ; for an overview, see [5] ) in order to support the designers in this task. Many of them point to the need for taking into account the capacity limitation of the users and suggest reducing cognitive workload. Shneiderman's rules for design [6] , for example, include, among seven other rules, the requirement for the reduction of short-term memory load. Mandel [7] points out the relevance of reducing users' memory load and provides nine principles for reducing cognitive load based on the knowledge of user behavior and cognition.
At the same time, different cognitive principles with potentially misleading interpretations such as the magical number seven [8] , a limited processing capacity principle, are adapted in design guidelines. However, research concerning the effectiveness of these cognitive load reduction guidelines is sparse.
One of the major problems in exploring cognitive load is the problem of measurement. How can we assess cognitive load in a particular task and how can we test whether a principle may effectively reduce cognitive load? How can we measure the improvements in user efficiency or even user satisfaction? To none of these questions have clear answers yet been found by human-computer research.
In this paper we will therefore try to shed light on these questions by adapting fruitful aspects from instructional design and learning research, namely, in the Cognitive Load Theory (CLT) by Sweller [9] . CLT and cognitive load measurement will be covered in the theoretical background section.
Theoretical Background

Existing Research
Cognitive Load Theory (CLT).
Based on works about problem solving (e.g., [10] ), expert versus novice research (e.g., [11] ), and learning (e.g., [12] ) and working memory (e.g., [1, 13] ), Sweller [9] found that problem-solving strategies may interfere with successful learning and schema acquisition. Sweller et al. [14] , for example, presented participants with physics and geometry problems and varied the goal specifity. They found that nonspecific goal instructions led to faster problem-solving expertise than specific goal instructions. The reason for this effect lies in the problemsolving strategies implied by the different instructions; the goal-specific instruction engaged the study participants in the usage of means-end analysis, whereas nonspecific goal instruction eliminated the possibility of using this strategy. From a computational and structural point of view meansend analysis is a very effective problem-solving strategy resulting in far fewer dead-ends than any other strategy by breaking down a problem into a hierarchical structure of subgoals. The drawback of this strategy is that it needs working memory capacity to keep track of the hierarchical goal structure of such a magnitude that learners are not only more likely to commit mathematical errors, as shown by Sweller et al. [14] and Owen and Sweller [15] , but also have little capacity for schema acquisition and learning [9] .
The rationale behind these results stems from widely accepted findings about working memory capacity and its limitations [8, 13, 16] . Current models of working memory postulate mechanisms and processes actively controlling and maintaining task relevant information. Baddeley and Hitch [1] proposed a new widely accepted functional model of working memory consisting of a central executive that controls two slave systems, the visuospatial sketchpad for visuospatial information and a phonological loop for verbal information. Both slave systems are limited in capacity and are independent of one another. If learners have to deal with concurrent tasks such as solving a problem and learning the underlying structure, their central executive is in charge of prioritizing tasks and sharing the available capacity and resources among the concurrent tasks. In the case of meansend analysis most available memory capacity is used to keep track of the problem solving process. Schema acquisition may be considered as a concurrent task to deal with in working memory. Reduced priority of this task combined with a high cognitive load task such as means-end analysis finally leads to interferences in schema acquisition and poorer reproduction performance [14] .
With these impacts of cognitive load on learning in mind, Pass et al. [17] take a closer look at cognitive load and postulate three different sources of cognitive load imposed by a task on the working memory: (1) intrinsic cognitive load, (2) extraneous cognitive load, and (3) germane cognitive load. Intrinsic load is induced by the task-inherent complexity and cannot be altered by an instructional design. Task complexity is a function of element interactivity, that is, interacting elements which have to be considered at the same time in order to understand their relationship [18] . Consider, for example, the calculation of a right-angled triangle. When only one side of the triangle is taken into account, the problem will not be solved. The length of all three sides has to be considered at the same time to come up with the solution. The difficulty of the material is determined by the total number of elements that must be considered, and by the extent of their interaction [18] . Extraneous cognitive load is imposed by inappropriate design and organization of the learning material. Learners are then engaged in cognitive activity irrelevant to the solution of the problem, that is, restructuring the problem or interpreting incomprehensible instructions. Germane cognitive load is the learning relevant load that can be used for schema acquisition and metacognitive processes involved in learning. It occurs when a task is presented in a favorable way that makes it easy for learners to understand their learning processes [17] . Optimizing instructional material for cognitive load therefore involves reducing extraneous load to a minimum and maximizing germane load by encouraging the learners to use their cognitive capacities for metacognitive and learning-relevant activities.
Whereas in instructional design and learning cognitive load is often focused, CLT was seldom considered in usability or eCommerce research specifically. Reducing extraneous load may lead not only to faster learning of the site structure but also to improving users' free capacity for searching, decision making, product comparison processes, and user satisfaction in general. Conklin [19] and Evekand and Dunwoody [20] , for example, described strong Advances in Human-Computer Interaction 3 interrelations between cognitive load and the lost-in-space feeling, commonly referred to as cognitive disorientation. On the one hand, cognitive load is imposed on the user's working memory by keeping track of his position in a Web site (finding out about his actual position by checking which links and menus have already been looked at and which links have still to be visited). On the other hand, the completion of complex tasks also consumes cognitive resources and therefore may reduce capacity to keep track of the navigational position, thus producing disorientation. Feelings of disorientation may induce additional cognitive load and diminish user satisfaction and motivation to visit the site again [20] .
Related to this topic, Katz and Byrne [21] suggested the use of the local search function on a Web site which would depend on multiple factors such as personal preference, the Web site, and menu structure. In observing participants while they had to locate a list of items in different Web shops, Métrailler et al. [22] found that the success rate was higher when participants used the site search function than when they were browsing the menu; furthermore, browsing processes took longer than searching processes. It could be argued that users who looked for the products with the search function were able to locate a product directly and they did not need to spend their resources on learning the structure of the menu and keeping track of their position.
Applying CLT [9] to the domain of usability research, Chevalier and Kicka [23] investigated cognitive load issues during information retrieval on an ergonomic and a nonergonomic Web site. Contrary to the principles of CLT and literature of problem solving (e.g., [10, 11] ), which suggest, that expert users should experience lower cognitive load as a result of chunking, automation processes, and forward problem solving, they could not find any differences in cognitive load between professional designers, experienced users, and novices. To account for these findings, the authors pointed out that experts and users did not handle the page in the same way but they were not able to provide a more detailed analysis of these outcomes. Surprisingly, they found the ergonomic site consumed more cognitive resources than the nonergonomic site for the users, but not for the expert group. This finding is explained by users being more able to focus on the relevant task when interacting with the ergonomic site than when working with the nonergonomic site.
Cognitve Load Measurement.
The methods that are used to measure cognitive load can be classified based on the two dimensions of objectivity (subjective or objective) and causal relationship (direct or indirect) [24] . Objectivity differentiates between self-reported data or subjective impressions on the one hand and objective observations of behavior, performance, or physiological reactions on the other hand. Causal relationship reflects the type of relation between cognitive load and the phenomenon observed by the measure. A direct link, for example, exists between cognitive load and the difficulty of the learning materials because difficulty is a direct result of intrinsic and extraneous load of the material. An indirect relationship exists between cognitive load and the frequency of navigation errors. Navigation Brain activity measures (e.g., fMRI); dual-task performance errors may be caused by an incomplete mental model of the Web site, which itself may be due to high cognitive load [24] . This leads to four different categories of cognitive load measurement methods: (1) indirect and subjective, (2) direct and subjective, (3) indirect and objective, and (4) direct and objective (cf. Table 1) .
Indirect and subjective methods that are frequently used in instructional research assess learners' invested mental effort with posttreatment questionnaires (see, [25] ). NASA-TLX [26] is an example of an indirect, subjective assessment method of mental workload which has its origins in research on mental workload in aviation and cockpit design. NASA-TLX is a questionnaire consisting of 6 items including mental, physical, and temporal demands as well as performance, effort, and frustration level. NASA-TLX provides a very simple and quick technique for operator workload estimation with generic items that can be applied to any domain [27] . Still, certain disadvantages are inherent in this category of measurement methods, including a subjective perception of effort which is only assessed after task completion. Furthermore, the connection between subjective and effective workload is unclear.
Direct, subjective measures involve rating of the difficulty of the material which directly related to the cognitive load imposed.
Indirect, objective measures include measuring performance outcomes such as task completion time (TCT) or learning outcomes. Here, the instructional design is usually varied whereas for the different conditions the same materials are used. Thus the intrinsic load of the material is held constant whereas extraneous load (and germane load) is investigated (e.g., [28] ). Performance on these tasks may then give a hint to the cognitive load imposed.
Direct, objective measures involve dual-task methodologies and functional brain imaging. In functional brain imaging (e.g., [29] [30] [31] ) brain activation is measured while working memory tasks are being carried out and may be considered a direct indication of cognitive load. The downside is that brain imaging still has low practicability for designers and engineers. Dual-task methodology is a second direct and objective way of assessing cognitive load that has been widely used in working memory and attention research (e.g., [13, 29, 32] ). It is based on the flexible allocation of cognitive resources to different tasks using the same memory structures. It is assumed that concurrent verbal tasks share the limited capacity of the phonological loop, for example, and that the central executive then allocates capacity to the tasks, depending on the focus of attention. Thus, increasing allocated resources for one task will decrease the resources for the other. There are two approaches to this, both of which use dual-task methodology. The first is cognitive load manipulation, that is, imposing cognitive load with a secondary task and analyzing the effects on performance in the primary task. This methodology is often used in social cognition and marketing research (e.g., [33, 34] ). The second approach of using dual-task methodology is measuring performance on the secondary task. Different versions of the primary task will then induce different amounts of cognitive load and measurably affect performance in the secondary task [24] . Brünken et al. [35] used a dual-task paradigm which can be adapted for cognitive load measurement in ecommerce applications and has rarely been used in humancomputer interaction research. As a primary task, they used two different versions of a learning system consisting of 22 pages presenting information either audio-visually or visually only. The secondary task consisted of a continuous visual observation task. During execution of the primary task, study participants had to observe a small black window with a letter changing its color after a random period of 5 to 10 seconds. Participants were asked to press the space bar as fast as possible when the color changed to red. Dependent variables were reaction times for the secondary task and learning outcomes. Due to expected large individual differences, the experiment was conducted with an all within repeated measures design. As predicted with reference to CLT [9] and modality effects (i.e., influence of presentation modality on working memory performance, [36] ), reaction times in the secondary task for visual-only material were significantly higher than in the audiovisual setting.
Aim of this Study.
So far, the concept of cognitive load (e.g., [9] ) has been presented, and different methods to measure cognitive load were introduced. Most research in cognitive load has been conducted in the domain of instruction and learning (e.g., [24] ), and only a handful of studies (e.g., [37] [38] [39] [40] ) exist that address the topic of cognitive load in the context of HCI (see [41] , for an extensive review). In this study, several methods of assessing cognitive load in the context of usability are used. In addition to self-reported cognitive load assessment with NASA-TLX [26] , a dual-task paradigm similar to the one used by Brünken et al. [35] is adapted.
The aim of this study on the one hand is to find out whether differences in cognitive load, which result from different Web sites, can be measured with the dual-task methodology. For that purpose, data from self-reported cognitive load assessments are compared with empirical data resulting from the dual-task paradigm. On the other hand, correlations between cognitive load, search/browse preference, and user satisfaction are investigated. We assume that users who perceive cognitive load as high are rather dissatisfied with the respective Web shop.
Closely related to cognitive load is the human tendency to use heuristics and strategies in order to save memory, cognitive resources, and time (e.g., [42, 43] ). In the Internet, the users are constantly occupied with the task of spotting the relevant information, menu sections, and matching a target object to the respective category name. Katz and Byrne [21] argue that the decision whether to use site search or browsing depends on several site and user specific characteristics. Besides individual differences in users' general attitudes toward using search, characteristics of the site have an effect on the decision to use search; information scent and menu structure are key factors influencing a users analysis of costbenefit as described by [44] . We therefore consider the search function to be one of the user's opportunities of actively reducing cognitive load when browsing consumes too many resources. Thus, we assume that the users' tendency to gather information with the search function should be closely related to their experience or expectation of cognitive load.
Method
Participants and Design.
Participants were 32 female and 3 male psychology students, mother tongue German. Their age ranged from 18 to 28 years (M = 21.7, SD = 2.6) with self-reported experience using the Internet between 2 and 12 years (M = 6.2, SD = 2.2). They participated in exchange for course credits. In this study a within-subjects design with repeated measures was used. The experiment was set up as dual-task experiment, similar to the study by Brünken et al. [35] . Participants' primary task was to search for several products in four different online bookstores. Therefore, "book store" served as an independent variable with four levels. The dependent variable for this primary task was task completion time. The secondary task consisted of a continuous visual monitoring task. Thus, dependent variables for the secondary task were reaction times (RTs) and accuracy. Furthermore, subjective mental workload and several user satisfaction measures were assessed.
Materials
Primary Task.
The primary task consisted of finding five predefined books on four different online bookstores (amazon.ch, buch.ch, book.ch, and buchhaus.ch). Participants were instructed not to use the search engine to ensure that all users carried out the same task and to hold intrinsic load constant. The five books were located in different categories and could be found with a minimum of two to four clicks, depending on the Web site.
Secondary Task.
For the secondary task a green "R" was presented in a small window at the right side of the browser window, as shown in Figure 1 . The character changed color to red randomly between 7 and 17 seconds after presentation. Participants had to press the left control button on the keyboard as fast as possible when the color changed. The time lapse between color change and reaction (i.e., RT) was measured and saved into a logfile. When three seconds passed without response after the change of the color the initial state was restored and color switched back to green. On the left hand side, the browser window displaying on of the four bookstores is shown. On the right hand side, the window presenting the secondary task can be seen.
Subjective Mental Workload.
Subjective mental workload was measured using an adapted and translated German version of the NASA Task Load Index (NASA-TLX, [26] ), using 10-point scales. It asked the participants the following questions: (1) how much mental and perceptual activity was required? (Mental Demand); (2) how much time pressure did you feel due to the pace at which the tasks occurred? (Temporal Demand); (3) how hard did you have to work to accomplish your level of performance? (Effort) (4); how successful do you think you were in accomplishing the task? (Performance); (5) how discouraged, irritated, or annoyed did you feel during the task? (Frustration Level). In its standard version NASA-TLX consists of an additional item assessing the physical demands of the task, an item that stems from the cockpit and aviation research origins of this questionnaire. This item was discarded because of minor practical relevance to this study; due to the fact that using the search facility was disallowed and reaction to the secondary task was done by pressing the control button with the left hand, physically challenging keyboard mouse switches were not involved. The mouse actions needed to navigate through the page were not assumed to produce noticeable differences in this item between the shops. Small differences would have been overshadowed by motor conflicts between secondary task fulfillment and mouse navigation.
Search/Browse Preference and User Satisfaction.
As mentioned earlier, the participants were instructed not to use the search engine. After task completion participants were asked to indicate whether they would have preferred to use the Site search function instead of navigating in the particular shop on a 10-point scale with possible answers between 1 (not at all) and 10 (very much). In addition, general user satisfaction has been measured using a 10-point scale ranging from 0 (very dissatisfied) to 10 (very satisfied).
Procedure.
Test sessions took place in a usability laboratory of the Department of Psychology. The laboratory was equipped with a 2.3 GHz Pentium IV computer with a 19" display running a resolution of 1152 × 864 pixels. Each participant was tested individually. The experimenter was in the observation room during the test sessions and followed participants' behavior via observation cam and speakers. The sessions began with a short instruction given by the experimenter, and participants were asked to give their informed consent. Then participants had to start searching for the products in one of the four online bookstores, and at the same time they had to monitor the green "R" at the right side of the browser window. Afterwards they completed the NASA-TLX questionnaire and answered to the search/browse preference and satisfaction items. This procedure was repeated for the remaining three shops. The shop sequence was randomized in order to start each session with a different shop, countering exercise effects. After finishing the trials, participants filled out a short demographic questionnaire. The entire procedure took approximately 45 minutes.
Results
Primary task performance was measured as task completion time (TCT) for each of the four different shops. 2 Participants quit the test session after 3 shops for private reasons. Data from these participants were included in the 6 Advances in Human-Computer Interaction analysis. Participants managed to find all items. Individual average RTs and accuracy measures were calculated for each participant for each shop condition. All RTs above 1200 milliseconds were scored as a miss. The individual time participants spent on each shop condition resulted in different numbers of required dual-task reactions, that is, when it took a participant a long time to find a product, more secondary task reactions were required. Therefore, accuracy was computed as correct reactions divided by the total number of reactions required by the secondary task in each condition.
Primary Task Performance.
The descriptive values for task completion time (TCT) are presented in Table 2 . An ANOVA for repeated measures (RM-ANOVA) shows that there are significant differences between the four conditions for TCT, F(1, 3) = 19, 8, P = .001. Participants on average spent most time on amazon.ch to find the required 5 items, whereas they were twice as fast in finding the books on books.ch.
Secondary Task Performance.
The descriptive values for the secondary task performance measures (RTs and accuracy) are also presented in Table 2 . Analyzing data with Repeated Measures ANOVA we found, contrary to our initial hypothesis, that RTs on the secondary task did not differ between the four shops F (1, 3) = .93, P = . 43 . Marginally significant differences could be found for accuracy, F(1, 3) = 2, 45, P = .07. To further analyze accuracy data, single comparisons between the four shops were conducted. Paired samples t-tests revealed significant differences in accuracy, namely between buch.ch and buchhaus.ch, t = 2.65, P < .01. Marginally significant differences resulted from comparing amazon.ch with buchhaus.ch, t = 1.90, P = .065 and buch.ch with books.ch, t = 2.02, P = .053. Participants accuracy was generally low, solving the secondary task in about half of the trails correctly.
Subjective Mental Workload.
Means and standard deviations for the NASA-TLX measure are also shown in Table 2 . Using an ANOVA for repeated measures to compare NASA-TLX data from the four shops, significant differences in the subjective assessment of cognitive load were revealed, F(1, 3) = 14.0, P < .001. Again, amazon.ch showed the highest and books.ch the lowest scores meaning that the mental effort spent on Amazon was considered highest. Paired samples t-tests showed marginal significant differences between amazon.ch and buch.ch, t = 1.74, P = .09, and amazon.ch and buchhaus.ch, t = 1.82, P = .08, respectively. NASATLX scores for books.ch were significantly lower than for amazon.ch, t = 5.58, 10, P < .01, for buch.ch, t = 4.56, P < .01, and for buchhaus.ch, t = 4.34, P < .01, respectively. buch.ch and buchhaus.ch did not differ regarding NASA-TLX score.
Search/Browse Preference.
Analyzing the search/browse preferences for each shop (see Table 2 ) using RMANOVA, significant overall differences were found F(1, 3) = 7.69, P < .001. Search preferences were highest for amazon.ch and lowest for books.ch, meaning that the participants on amazon.ch would have preferred to use the site search more than on the other shops. Paired samples t-tests only showed significant differences between books.ch and amazon.ch t = 3.59, P < .01, and between books.ch and buchaus.ch, t = 2.42, P < .05.
User Satisfaction.
Means and standard deviations for general user satisfaction (i.e., user satisfaction measured with the one item covering overall user satisfaction) can also be seen in Table 2 . An ANOVA for repeated measures showed significant overall differences, F(1, 3) = 10.9, P < .001. Paired samples t-tests showed significant differences between books.ch and amazon.ch, t = 4.19, P < .01, between books.ch and buch.ch, t = 2.90, P < .01, between books.ch and buchhaus.ch, t = 5.72, P < .01, and between buch.ch and buchhaus.ch, t = 2.22, P < .05. In this measure, books.ch scored highest, followed by buch.ch, amazon.ch and buchhaus.ch, in this order.
Correlations.
Using values that were pooled over the four shops, Pearson correlations between primary task measures (i.e., TCT), secondary task measures (i.e., RTs and accuracy), subjective mental workload (i.e., NASA-TLX score), search preferences, and general user satisfaction were calculated. Different values of N result from missing values in the subjective ratings as well as from the 2 participants completing only 3 of the shop trials (see Table 3 ). General user satisfaction significantly correlated with mean TCT, NASA-TLX score, and search preferences. Although NASA-TLX further correlated with mean TCT, secondary task accuracy, and search preferences, none of the other measures correlated with secondary task accuracy.
Discussion
We assumed that there are differences in the cognitive load that is imposed on users by searching products in four different online book shops. Cognitive load was measured with subjective (i.e., NASA-TLX; [26] ) and objective (i.e., dual-task paradigm, e.g., [24] ) assessment methods. Furthermore, we aimed at investigating whether these cognitive load measures are related to search preferences and user satisfaction. We assumed that users who perceive cognitive load as high are rather dissatisfied with the respective Web shop and would prefer using the site search function over the site navigation.
Participants' NASA-TLX scores differed significantly among the shops. Holding the intrinsic load of the tasks constant (i.e., every participant had to look for the same books), the resulting differences in NASA-TLX scores reflect different amounts of extraneous (information architecture, visual complexity) and germane load as defined by Sweller and Chandler [18] . In this context extraneous load is cognitive load imposed by presentation and design of the individual Web site structure. More complex and difficult structures impose more cognitive load on users' working memory. We therefore consider NASA-TLX to be a valuable measure of cognitive load and mental effort. Its value is supported by strong correlations with most outcome measures used in this study. High cognitive load indicated by high NASA-TLX scores was related to longer TCT, more failures in the secondary monitor task, higher search preference, and less general satisfaction with the respective shop.
Dual-Task methodology using RTs in the secondary monitoring task revealed no differences between the four shops. Participants' poor accuracy scores in this secondary task, in which they managed to react on only about half of the color changes, may raise questions about the validity of the dual-task methodology used in this experiment. First, we suppose that the secondary task was not relevant enough for the participants to spend more effort in fulfilling both tasks at the same time. Second, users might have actively suppressed the blinking secondary task object on the right visual field. Pagendarm and Schaumburg [45] , for example, found that people tend to suppress objects on the right side of a browser especially when these objects do not look like task relevant content. Thirdly, unlike in the study by Brünken et al. [35] , participants were instructed to interact with the system. Participants used the mouse with their right hand to navigate through the online shop while reacting to the monitoring task by using their left hand to press a button on the keyboard. The resulting motor conflicts may also have been contributing to these results.
TCT is generally used as a measure of efficiency [46] , and it differed significantly among the shops and is not only correlated with TLX, but also with accuracy, search preference, and general satisfaction. Accuracy as a second objective cognitive load measure, derived from the secondary task, did not reveal differences. Nevertheless, it correlated with NASA-TLX and RTs in the secondary task. Although these results are not astonishing, we believe that accuracy might serve as a more sensitive measure than reaction times when interactions with the system are needed. The results showed significant search/browse preference differences between the four shops and substantial correlations to NASA-TLX score. Moreover, strong correlations with TCT and general user satisfaction indicate search/browse preference to be a promising measure for a "quick and dirty" assessment of cognitive load and user satisfaction. Katz and Byrne [21] found that the decision to use site search or navigation is influenced by menu structure, interface element prominence, information scent, and finally user dispositions. All of the former factors might contribute to extraneous load and thus influence a users preference. Undoubtfully, besides cognitive load numerous factors might have contributed to the differences found in this study. In order to make more detailed statements further research is certainly needed.
General satisfaction shows strong negative correlations with TCT as well as with NASA-TLX scores and search/browse preference. This confirms our expectations. Although the relation between satisfaction and efficiency (TCT) seems to be plausible and was expected, a recent metaanalysis by [46] showed that correlations between these two aspects of usability are generally weak. They suggest that 8 Advances in Human-Computer Interaction effectiveness, efficiency, and general satisfaction should be considered as different aspects of usability. Further research is needed to fully understand the relations between these three aspects of usability. The strong negative correlation between general satisfaction and NASA-TLX scores (meaning higher experienced cognitive load is related to weaker user satisfaction) supports the aim of reducing cognitive load in terms of enhancing user satisfaction and user experience.
Comparing the four shops, we found that books.ch scored best on most of the measures discussed above, whereas amazon.ch and buchhaus.ch shared poor results. At this point, it is not easy to specify reasons or factors that contributed to the participants' experienced cognitive load in each of the shops; the present study design does not allow for such interpretations. The shops used in this study differed very much regarding visual complexity, text usability, or scent and breadth of the information architecture. Each of these factors alone and in combination with others might increase cognitive load.
Further research with controlled experiments varying these factors and measuring cognitive load using NASA-TLX might give a clearer picture of cognitive load factors in eCommerce and Web usability in general.
Conclusions.
For the assessment of the usability of a computer system, NASA-TLX scores can be considered a good additional indicator of efficiency. Standard efficiency measures such as TCT as an objective measure, for example, do not take into account cognitive efficiency such as cognitive load. Objective measurement methods of cognitive load such as the dual-task methodology used in this study should be further adapted for the use with the Web and tasks needing interaction with the system. Still, it seems that NASA-TLX, TCT, and the monitoring task assess different concepts. To get a better understanding of the meaning of cognitive load in the usability context, further research could address other operationalizations of the cognitive load concept and also investigate whether they assess the same construct. A further aspect that was introduced in this study concerns search preference, which seems to be an interesting "quick and dirty" measure of complexity and cognitive load. Further research is needed if search preference is really to be used as behavioral indicator for complexity and cognitive load.
